Introduction
============

Breast cancer is a type of malignancy that originates in breast tissue ([@b1-etm-0-0-6212]). As one of the most prevalent types of cancer in females, breast cancer affects 1 in 8 females during their lives, and is associated with notable psychological and economic burdens to patients and their families ([@b2-etm-0-0-6212],[@b3-etm-0-0-6212]). Treatment outcomes for the majority of patients with breast cancer with initial cytotoxic drug treatments, including methotrexate, are typically poor due to intrinsic resistance ([@b4-etm-0-0-6212]). In addition, the long-term use of certain drugs, including cyclophosphamide, will lead to the development of drug resistance, thereby inducing the development of aggressive malignancies ([@b5-etm-0-0-6212],[@b6-etm-0-0-6212]). Therefore, the development of novel treatment targets is urgently required to improve the treatment outcomes of breast cancer.

Leptin is a hormone that is primarily secreted by adipose cells, which have important roles in regulating energy balance by inhibiting hunger ([@b7-etm-0-0-6212]). Recent studies have demonstrated that upregulated expression level of leptin gene is also correlated with the development of various human diseases, such as cardiovascular disease ([@b8-etm-0-0-6212]), non-alcoholic fatty liver disease ([@b9-etm-0-0-6212]) and different types of cancers ([@b10-etm-0-0-6212]). The functionality of leptin in the tumor microenvironment of breast cancer has been well studied: It has been demonstrated that leptin induces obesity and contributes to the development of this disease ([@b11-etm-0-0-6212]). Effects of leptin on breast cell proliferation remain to be elucidated. The current study aimed to investigate the role of leptin in the growth of breast cancer.

Materials and methods
=====================

### Patients

A total of 48 female patients with breast cancer were recruited from China-Japan Union Hospital (Changchun, China) from July 2015-January 2017. Patients were aged from 31.0--68.0 years, with a mean age of 48.3±7.6 years. All patients received surgical resections, and tumor tissues and adjacent healthy tissues were collected during surgery. At the same time, a total of 37 healthy participants were also selected to serve as a control group. Age of controls ranged from 29.0--66.0 years, with a mean age of 46.4±9.1 years. No significant difference in age was observed between the patient and control groups. The present study was approved by the Ethics Committee of China-Japan Union Hospital, and all patients provided written informed consent.

### Preparation of serum samples

Fasting blood (20 ml) was extracted from all patients and controls. Blood was stored at room temperature for 1 h, followed by centrifugation at 1,000 × g for 15 min at room temperature to collect serum. Serum samples were stored at −80°C prior to further use.

### ELISA

Serum leptin was detected using an ELISA kit (cat. no. KAC2281; Thermo Fisher Scientific, Inc., Waltham, MA, USA). All operations were performed in strict accordance with the manufacturer\'s protocol. Serum leptin was normalized to ng/ml.

### Cell lines and cell culture

The normal human breast cell line Hs 578Bst, and the breast cancer cell lines MCF-7 and MDA-MB-231 were purchased from American Type Culture Collection (ATCC; Manassas, VA, USA). Hs 578Bst cells were cultured with ATCC Hybri-Care medium (cat no. 46-X) containing 1.5 g/l sodium bicarbonate, 30 ng/ml mouse epidermal growth factor (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA). MCF-7 cells were cultured with ATCC-formulated Eagle\'s minimum essential medium (cat no. 30--2003) containing 0.01 mg/ml human recombinant insulin (Sigma-Aldrich; Merck KGaA) and 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA). MDA-MB-231 cells were cultured with ATCC-formulated Leibovitz\'s L-15 medium (cat no. 30-2008) containing 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA). Cells were cultured at 37°C, and harvested during logarithmic growth phase for subsequent experiments.

### Cell proliferation assay

Cells from each cell line were transferred into 96-well plates containing the corresponding aforementioned medium with 5×10^3^ cells per well. Following incubation at 37°C for 3--5 h, cell adhesion was reached and 100 µl Dulbecco\'s modified Eagle\'s medium (Sigma-Aldrich; Merck KGaA) was added. Cells were cultured at 37°C with the different concentrations of leptin (0, 25, 50 and 100 mM; Sigma-Aldrich; Merck KGaA), and 10 µl cell counting kit-8 solution (Sigma-Aldrich; Merck KGaA) was added at 24, 48 72 and 96 h later. Following incubation for another 4 h, optical density values at 450 nm were measured using a microplate reader. For Wnt inhibitor PNU-74654 (20 µM; Sigma-Aldrich; Merck KGaA) treatment, 20 µM PNU-74654 and 100 mM leptin was added to the culture medium under the same conditions as aforementioned.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from tumor tissues, adjacent healthy tissue, serum and *in vitro* cultured cells using TRIzol reagent (Thermo Fisher Scientific, Inc.), and cDNA was synthesized via reverse transcription using Oligo(dT)15 primer (Shanghai Sangong Pharmaceutical Co., Ltd., Shanghai, China), dNTPs (Sigma-Aldrich; Merck KGaA) and Avian Myeloblastosis Virus reverse transcriptase (New England BioLabs, Inc., Ipswich, MA, USA) and its buffer (New England BioLabs, Inc.). The temperature protocol for reverse transcription was: 25°C for 5 min, 55°C for 20 min and 75°C for 15 min. The following primers were used in qPCR: Leptin, forward 5′-CAAGCAGTGCCTATCCAGA-3′ and reverse 5′-AAGCCCAGGAATGAAGTCCA-3′; and GAPDH forward 5′-GAGTCAACGGATTTGGTCGT-3′ and reverse 5′-TTGATTTTGGAGGGATCTCG-3′. A 25 µl reaction mixture was prepared using SYBR™ Green Master Mix (Thermo Fisher Scientific, Inc.) according to manufacturer\'s protocol and the reaction conditions were as follows: 94°C for 3 min, followed by 40 cycles of 94°C for 10 sec, 55°C for 30 sec and 72°C for 25 sec, and 72°C for 10 min. PCR products were subjected to agarose gel electrophoresis and results were observed using the ChemiDoc™ and GelDoc™ imaging system (Bio-Rad Laboratories, Inc., Hercules, CA USA). Quantity One^®^ 1-D Analysis Software V4.6.7 (Bio-Rad Laboratories, Inc.) was used to analyze the results with GAPDH endogenous control using 2^−ΔΔCq^ method ([@b12-etm-0-0-6212]).

### Western blotting

Cells of the MG-63 and MDA-MB-231 cell line were treated with 0 (control cells; C) or 100 mN leptin (leptin group). Cell lysis buffer (cat. no. P0013K; Beyotime Institute of Biotechnology, Haimen, China) was then used to extract total protein from these cells. Total protein concentration was determined via bicinchoninic acid assay. A total of 20 µg protein from each sample was subjected to electrophoresis using 10% SDS-PAGE, and were subsequently transferred to a polyvinylidene difluoride membrane (Bio-Rad Laboratories, Inc.). Blocking was performed by incubating membranes with 5% skimmed milk at room temperature for 2 h. Following washing, membranes were incubated with primary antibodies against β-catenin (1:1,200; cat. no. ab16051; Abcam, Cambridge, UK) and endogenous control β-actin (1:1,000; cat. no. SAB5500001; Sigma-Aldrich; Merck KGaA) overnight at 4°C. Following washing, membranes were incubated with horseradish peroxidase conjugated anti-rabbit immunoglobulin G secondary antibodies (1:1,000; cat. no. MBS435036; MyBioSource, San Diego, CA, USA) at 37°C for 1 h. Enhanced chemiluminescence (SuperSignal; Thermo Fisher Scientific, Inc.) was performed to detect the signals and Quantity One^®^ 1-D Analysis Software V. 4.6.7 (Bio-Rad Laboratories, Inc.) was used to measure grayscale. This experiment was repeated three times.

### Statistical analysis

Data were analyzed using SPSS 19.0 (IBM, Corp., Armonk, NY, USA). Comparisons between two groups were performed using Student\'s t-test and comparisons among multiple groups were performed using one-way analysis of variance followed by a post-hoc LSD test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of leptin mRNA in tumor tissues and adjacent healthy tissues of patients with breast cancer

Expression of leptin is upregulated in different human diseases, including cardiovascular diseases ([@b8-etm-0-0-6212]) and non-alcoholic fatty liver disease ([@b9-etm-0-0-6212]). Therefore, expression of leptin mRNA in tumor tissues and adjacent healthy tissues was detected via RT-qPCR. As presented in [Fig. 1](#f1-etm-0-0-6212){ref-type="fig"}, expression of leptin mRNA was significantly higher in tumor tissues than in adjacent healthy tissues in 43 of 48 patients with breast cancer (P\<0.01. This suggests that increased expression level of leptin is associated with the development of breast cancer.

### Serum leptin in patients with breast cancer and healthy controls

Serum leptin was detected by ELISA. Results indicated that levels of serum leptin were significantly higher in patients with breast cancer than in healthy controls (P\<0.05; [Fig. 2](#f2-etm-0-0-6212){ref-type="fig"}).

### Leptin treatment promoted breast cancer cell proliferation

As presented in [Fig. 3A](#f3-etm-0-0-6212){ref-type="fig"}, expression level of leptin mRNA was significantly lower in the normal human breast cell line Hs 578Bst than in the breast cancer cell lines MCF-7 and MDA-MB-231 (P\<0.05). Different concentrations of leptin were used to treat breast cancer cells and effects of leptin on cell proliferation were detected via cell proliferation assay. As presented in [Fig. 3](#f3-etm-0-0-6212){ref-type="fig"}, the cell proliferation ability of the MCF-7 ([Fig. 3B](#f3-etm-0-0-6212){ref-type="fig"}) and MDA-MB-231 ([Fig. 3C](#f3-etm-0-0-6212){ref-type="fig"}) cell lines were markedly increased by leptin treatment in a dose-dependent manner. However, leptin treatment had no marked effect on the cell proliferation ability of the normal human breast cell line Hs 578Bst (data not shown).

### Leptin treatment increased expression level of β-catenin in breast cancer cells

The Wnt/β-catenin pathway serves pivotal roles in the development of different types of cancer, including ovarian ([@b13-etm-0-0-6212]) and colorectal cancer ([@b14-etm-0-0-6212]). Therefore, the effects of leptin on the Wnt/β-catenin pathway were detected by western blotting. As presented in [Fig. 4](#f4-etm-0-0-6212){ref-type="fig"}, the expression level of β-catenin was significantly increased in both breast cancer cell lines following 100 mM leptin treatment compared with C cells (P\<0.05). However, leptin treatment had no significant effect on β-catenin expression in the normal human breast cell line Hs 578Bst (data not shown). These results suggest that leptin may promote the growth of breast cancer by activating the Wnt/β-catenin pathway.

### Wnt pathway inhibitor inhibited the enhancing effects of leptin on proliferation of breast cancer

Wnt inhibitor PNU-74654 was used to treat breast cancer cells in culture with 100 mM leptin and culture medium. As presented in [Fig. 5](#f5-etm-0-0-6212){ref-type="fig"}, 100 mM leptin markedly promoted the proliferation of both breast cancer cell lines. However, Wnt inhibitor markedly ameliorated this effect in both breast cancer lines.

Discussion
==========

Leptin is a type of hormone that can be transported within the human body to participate in a variety of physiological and biochemical processes. In contrast with the function of ghrelin as a 'hunger hormone', leptin is a 'satiety hormone' that inhibits feelings of hunger to regulate energy balance ([@b15-etm-0-0-6212]). Previous studies have demonstrated that the increased expression level of leptin is usually accompanied with the development of various human diseases, including cardiovascular disease and non-alcoholic fatty liver disease ([@b8-etm-0-0-6212],[@b9-etm-0-0-6212]). Leptin expression was significantly upregulated in esophageal cancer, and increased expression level of leptin predicts poor prognosis ([@b16-etm-0-0-6212]). Besides the direct roles of leptin in pathological processes, increased expression level of leptin in tumor tissue is also responsible for the development of drug resistance in the treatment of certain types of human cancer, such as gastro-esophageal adenocarcinomas ([@b17-etm-0-0-6212]). Treatment of breast cancer is also challenged by drug resistance ([@b18-etm-0-0-6212],[@b19-etm-0-0-6212]). In the present study, the expression level of leptin mRNA was significantly higher in tumor tissues than in adjacent healthy tissues of 43 out of 48 patients with breast cancer. In addition, serum level of leptin protein was also significantly higher in patients with breast cancer than in normal controls. A previous study has demonstrated that leptin is highly expressed in breast cancer tissues with drug resistance ([@b20-etm-0-0-6212]). Those data suggest that increased leptin expression may be associated with the development of breast cancer, and leptin may also serve as a target to improve treatment outcomes of breast cancer by reducing chemotherapy resistance.

Leptin promotes proliferation of both normal tissue cells and cancer cells. In a previous study of prostate cancer, Somasundar *et al* ([@b21-etm-0-0-6212]) reported that increased expression of leptin was closely correlated with the increased proliferation ability of cancer cells, and downregulation of leptin expression significantly reduced the proliferation rate of prostate cancer cells, indicating that leptin may serve as a potential target for the treatment of prostate cancer. In another study, Wang *et al* ([@b22-etm-0-0-6212]) reported that increased expression of leptin promoted cell proliferation and inhibited cell apoptosis of colorectal carcinoma, which in turn accelerated tumor growth. In the present study, leptin increased the proliferation rate of two breast cancer cell lines in a dose-dependent manner, indicating that leptin promotes the growth of breast cancer by stimulating cancer cell proliferation.

Wnt/β-catenin is a key player in the development of various types of cancer. In a previous study of lung cancer, Teng *et al* ([@b23-etm-0-0-6212]) reported that Wnt/β-catenin signal transduction served pivotal roles in regulating the proliferation and differentiation of cancer stem cells. Activation of the Wnt/β-catenin pathway is enriched in different types of breast cancers, and increased expression level of β-catenin typically indicates poor treatment outcomes ([@b24-etm-0-0-6212]); therefore, the Wnt/β-catenin pathway is considered to be a potential target for the treatment of breast cancer ([@b25-etm-0-0-6212]). In the present study, treatment with 100 mM leptin significantly increased the expression level of β-catenin in breast cancer cell lines MCF-7 and MDA-MB-231, indicating that leptin can activate the Wnt/β-catenin pathway in breast cancer. In addition, treatment with leptin inhibitor markedly reduced the enhancing effects of leptin on the proliferation of breast cancer cells. Those data suggest that leptin can promote the proliferation of breast cancer cells at least partially by activating the Wnt/β-catenin pathway.

In conclusion, leptin expression level was increased in breast cancer tissues compared with adjacent healthy tissues. Serum level of leptin protein was significantly higher in patients with breast cancer than in normal controls. Leptin promoted the proliferation of breast cancer cells and activated the Wnt/β-catenin pathway, whereas treatment with leptin inhibitor markedly reduced the enhancing effects of leptin on the proliferation of breast cancer cells. These findings suggest that leptin can promote breast cancer growth by activating the Wnt/β-catenin pathway. However, the present study was also limited by some shortcomings; for example, nuclear translocation of β-catenin in breast cancer cells was not confirmed by immunocytochemistry. The present authors intend to present this data in a future study. In addition, leptin gene knockdown and overexpression breast cancer cell lines will also be established to further confirm the conclusions of the present study.
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